Diffraction of x rays from a crystal during total external reflection imposes structure on the x-ray wave field in three dimensions. Standing-wave interference modulates the x-ray intensity parallel to the surface, while boundary effects damp the intensity with distance normal to the surface both within the crystal and in the region above the surface. Experiments on carefully prepared Ge single crystals show that the x-ray wave field can be manipulated to provide model-independent information on the structure of surfaces. %hen there is no diffraction involved, the specular reflectivity follows a steplike Fesnel curve. ' The critical incidence angle p"below which the reflectivity abruptly increases, is found from the mean dielectric susceptibility of the substrate. At this demarcation, the internal refracted beam changes from a homogeneous plane wave to an evanescent wave which decays exponentially within a 1986 The American Physical Society
Recently a number of new techniques for structure analysis have been developed which are based on the physical optics of x rays. For example, x-ray standingwave (XSW) methods, ' s based on x-ray interference, provide model-independent information on the lattice positions of impurities' or adsorbates. s Other studies6 exploit the shallow penetration of evanescent x rays to obtain selective surface sensitivity or depth profiles. We report experimental results for a novel condition, the diffraction of evanescent x rays during total external reflection (DEXTER), which combines the features of XSW and evanescent wave studies. We have evidence for an additional phenomenon, superficial x rays, which suggests that depth profiles can be obtained above interfaces as well as below.
The experimental arrangement was similar to previous glancing-incidence scattering experiments, 7 but with several important distinctions. The sample was oriented so that a beam of monochromatic x rays simultaneously made a small glancing incident angle with the surface and satisfied the Bragg condition for diffraction from structure whose reciprocal-lattice vector was parallel to the surface. In contrast to the case studied by Eisenberger and co-workers,~the Bragg diffraction arose from the bulk crystal structure itself rather than an overlayer or surface reconstruction. This was to assure significant multiple scattering, following Golovin and %hen there is no diffraction involved, the specular reflectivity follows a steplike Fesnel curve. ' The critical incidence angle p"below which the reflectivity abruptly increases, is found from the mean dielectric susceptibility of the substrate. At this demarcation, the internal refracted beam changes from a homogeneous plane wave to an evanescent wave which decays exponentially within a VoLUME 57, NUMBER l9 PHYSICAL REVIEW LETTERS Fig. 1(a) ' This superficial wave is expected to decay exponentially within a few nanometers of an interface, ' ' and might be used in the same way as evanescent x rays. ' ' For example, during the transition of the diffracted beam from plane wave to superficial wave the fluorescence from an overlayer should become restricted to the vicinity of the interface.
In conclusion, we have observed for the first time novel effects involving x-ray reflection, diffraction, interference, and evanescence during glancing-incidence diffraction. Aside from the interest intrinsic in the physical optics of this case, several of these phenomena have potential applications for structural determination, especially for surfaces and interfaces. The x-ray standing-wave effect is particularly promising since registration is estab-lished directly and, unlike in previous XS% rneasurements, the x-ray penetration is limited to the near surface. The capabilities of evanescent x rays to determine depth profiles are extended by the DEXTER condition, especially in that the interfacial regions of overlayers may be studied with superficial x rays. We have also shown that important information can be gained from the specularly reflected flux and from the x-ray fluorescence signal as well as the diffracted flux usually observed during glancing incidence scattering.
